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By Frank E. Cache! and W. EF. eoaidacon 
INZTROLUCTION 


Published or available data on safety in quarries are few except tnose 
pertaining to blasting issued ty manvfacturers of explosives. 


During the past 25 years the quarrying industry (including various types 
of quarries producing many different materials) nas had a markedly improved 
accident experience. Thre downward trend has not been eae aac ale has it 
been uniform from year to year, owing to occasional major disasters; but 
from the information at hand it ee that improvement during the 25-year 
period has been definite.:- 


Irregularities are due to such accidents as the slide or cave-in of a 
quarry wall in North Carolina during 1933, which resulted in the death of 
seven men; and an explosives accident in a California quarry in 1934, in 
which nine men were killed. Such accidents have occurred infrequertly, 
but when they do occur the experience curve rises sharply because relatively 
few men are employed in the industrye 


SCOrs 


Using accident. ee from the principal causes, the operating 
practices, and natural conditions.as they pertain to the quarries in the 
Southeastern and Central Western States,: this report sugzests methods, 
rules, and practices that, if applied to individual quarry operations, 
would improve the accident experience without excessive coSte 


Although the following information and experience are based largely 
upon quarries in Alabama, Florida, Georgia, Louisiana, Mississippi, North 
Carolina, South Carolina, Ohio, Indiana, Illinois, Missouri, and Tennessee, 
they are applicable in general to quarrying throughout the United Statese ~ 


1f The Bureau of Mines will welcome reprinting of this paper, provided 
the following footnote acknowledgment is used: "Reprinted from 
Bureau of Mines Information Circular 714u." 

2/ District engineer, Bureau of Mines Safety Station, Birmingnem, Ala. 

oy: Associate mining engineer, Bureau of Mines Safety Station, Vincennes, 
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CAUSES OF ACCIDINTS 


The principal ceuses of accidents in quarry operation for 1931 
1975, inclusive, are listed seperately in tadles 1 and e in order of 


frequceney for fatal and nonfatal lost—time accidents: 


TASIE 1. - Causes of fatal accicents eaccordin 
to frequency, 3.951 -35 
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TABLE 2. — Causes of nonfatal lost—time accidents 


according te frequency, 1931-35 
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PREVENTICN OF ACCIDENTS 
Falls or Slides of Rocix, Walis, or Overburden 
Fails or Slices of Rock 


The character of material handled and method of developnent largely 
govern the number of accidents from falls or slides of material. For ex 
emple, more accidents would result from this cause wren quarrying was done 
in disintegrated material from a steep mountain slone than wnen it was 
done in massive close-grained materiel in level areas. 


regardless of natural conditions, the efforts of employers ard em 
ployees can redvce the 37 percent fatal ani 10 percent nonfatal lost—time 
accidents cavsed by falls and slides of materiel. 
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Falls of Wall or Face 


There are advantages and disadvantages in both tne vertical or single- 
bench and tne multiple-bench quarry valli or face; but where natural con- 
ditions, preparation equipment, axd quality of material desired will allow, 
the advantages favor tne vertical face, certainly up to 125 Teet in heignt. 


af the bench method is used, in addition to scaling the face from top 
to bottom the individvai bencnes shovld be cleaned to protect drillmen as 
well as men on the quarry floof, 


If the vertical—wall method is used, secondary blasting vill be in- 
creased, but most of tne floor work can be done ferther away from the wall 
or faces. Whether benched or vertical, quarry faces should be inspected 
anc. scaled, if necessary, after each wall or face shot and each rain, freeze, 
or thaw, and under no corditions less often than every 30 dajse 


Should unsafe material develop on wells or fece thet cannot be taken 
Gown immediately the quarry floor shovld be barricaded or fenced off near 
the loose material until it can be taken dowvm. Overhanging material should 
not be permitted to remain on a face or wall, even if drilling and blast- 
ing have to be used to bring it down. 


Thoroush and proper scaling cof walis is hazardous at best because it 
is necessary that a man or men with safety belts end ropes start at tne top 
of the wall or face and be lowered wiile scaling, quarrying, and, in some 
instances, placing explosives in material that might become loose as the 
scaling progresses dovmward. 


Falls of Overburden 


The overburden or loose top material should be stripped or cleaned 
down thoroughly to the solid-material back for the width of the next shot 
and at least 10 feet from the wall edge and then sloped to its angle of 
repose tnroughout its thickress. In a quarry on a steep mowltainside this 
may be impossible, tut baffle boards or screens supoorted by nipes or rods 
so spaced and let into the rock that ther will surport the baffle material 
not only protect the men on the quarry floor from failing material but also 
safeguard against fails cf persons. 


> Drilling and Blasting 


Explosives as listed under the vrincipnel causes of accidents include 
only those resulting directly from detonation and do not include haicling 
of explosives or macninery in connection with drilling and blasting. ‘The 
two are so closely allied in quarry operaticns, however, thet they may be 
considered under one headinge 


As the use of explosives constitutes ore of the greatest potential 
hazards in quarry operation the subject will be discussed in detail here, 
The manufacturers and the Institute of Makers of Explosives have made 
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available instructions and rules for storing, handling, and use of ex- 
plosives and detonators as well as blasting in quarries, which, if observed, 
undoubtedly wovld assist in reducing greatly the frequency and severity of 
explosives accidents. : 


Mezacines often are built in such places as makes them a menace to an 
entire community. Improper storage of explosives, detonators, and fuse 
leeds directly to misfires as well as tc other classes of explosives: acci-— 
dentsSe i ee 


-. . Magazines should be built of masonry end so constructed that they will 
disintegrate completely in event of an accidental explosion. ‘Their: loca- 
tion should conform tc the American Table of Distances, a copy of which is 
included at the end of this papere Detonators and explosives should be 
stored in separate magazines, never in the same building. ‘The detonator 
magazine should be a safe distance from the main magazine, and detonators 
and explosives should be kept apart until the moment of charging the holes. 
Open or electric lights of any ind except permissible portable lamps should 
not be permitted in or near the magazines. ZUxplosives should be transported 
from the magazines to the quarry face, preferably by rubber-tired vehicles; 
wnen carried by workmen, detonators and exnlosives shovld not be taken at 
the seme timee 


Much of the broken rock resulting from primary blasting is of such 
size that considerable secondary blasting is necessary before the material 
can be loaded. This is especially true at quarries where the size of the 
crusher does not permit the handling of lerzge boulders and at hand—loading 
and other quarries where lirestone is produced for burring in vertical—type 
kilns. The blasted material may remain against the face or wall, the broken 
rock sloping steenly tovard tne auarry floor; or it may be scattered about 
the floor for some distence from the face, depending on the nature of the 
rock and the amount and kind of explosives used. In either case large 
boulders that must be reduced in size further before being loaded usually 
-Temaing Worknen «are reouired to climb onto these boulders te drill and 
prepare the secondary blasts; as mamy of tie boulders rest at precarious 
angles on the broken rock the workmen are suvjected to tne hazard or fall~ 
ing off the boulders or having the iatter roll uwnon them. The situation 
does rot lend itself easily to the use of safety belts or ropes, as usually 
there is notning to which these safety devices can be anchored readilje 
Where conditions permit, this safety equipment should be employed. The 
hazard also can be abated in some instances by moving the boulders to solid 
footing wita the bucket or bocm cf the shovel, or by the erection of wooden 
piatforms before the drillers are vermitted to work on the boulders. 


In vertical-wall blasting it is necessary occasionaily to drill the 
"toe" before the next deep holes are fired.. At best this is hazardous work 
near a high wall on which rock may become loosened and fall. Large rocks 
that constitute a hazard generally are removed before drilling of the toe 
is permitted, but in many instences small pieces are not scaled off, and a 
small piece of rock falling: from a great height may easily cause a fatality. 
This danger can be reduced by the use of long steel, so that the driller is 
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away from the face; but better protection is afforded by an overhead plat~ 
form, as the face must be aprroachned at least while the hole is charged 
and the fuse lighted. Men who do this tzpe of work showld be required to 
wear hard hats. 


The skill and experience of the man in cherge of primary blasting 
have much to do with the condition of the blasted rock. Prover methods 
employed by experienced men cavable of judging how much explosive is 
necessary; for each snet will go far toward reducing the amount of sec- 
ondary blasting necessary, thus lowering not only the hazard incident to 
this operation but also the coste : 


Other safe blasting practices often are disregardete Some of the 
hazards are: Distributing large quantities of explosives before loading; 
Opening cases witn metal tools; dropning heavy charges of dynamite into 
deep holes; priming driil hcles and failing to shunt or short-circuit the 
detonator leg or connecting wires until ready for connection to trunk lines; 
siooting too many holes at one time (secondary blasting); and use of open 
lights and/or smoking near by or while explosives are deing handled or 
used. 


If continued, these practices sconer or later lead to accidents. 
Only enough explosives for one rownd of holes should be taken from the main 
magazine at cne time, and any that are left over should be returned to the 
magazinee In primary blasting, where sometimes hundreds of pounds of ex 
plosives are used in one shot, preferably only one hole, or possibly a few 
holes, should be charged and fired at a time, especially if the quarry is 
situated close to a towne In handling and using large quantities of ex~ 
plosives the danger of accidental ignition is increased; and in detonation, 
Property damage may result, wnich may subject the company to civil suite 
There are two quarries in Indiana where only one hole is fired at a time 
Owing to the nroximity of towns and dwellings. In one instance tne com 
pany was sued for alleged damage to a dwelling as a result of firing 
numerous shots et one time; in the other, city regulations prohivit the 
firing of more than one shot at a tine. 


Cases of explosives should be opened with wocden tools and never with 
an axe or other metal tool, as is the common practice at many quarries. 


Eryplosives should not be handled for any purpose during an electrical 
storm. The dynamites should never be dropved into deep holes but should 
be lowered by a ropee Some manufacturers wrap lerge cartricges or sticks 
(5 to 25 pounds or more) with twine, ty which they may be lowered with a 
small hook attached to a ronee Where the sticks are not so pvrepared, a 
wooden pin on a rope or some equally sate method should be usede 


The cetonator leg wires or connecting wires always snould be shunted 
or short-circuited until the moment of connecting the wires to the source 


of currente The trunk lines also shovld be short—circuitec, and at least 
one but preferably two or more switches should be pleced in the lines at 


7946 Soild 


Google 


Ie Co 72H: 


positions remote from the quarry facee ‘The "master™ switch should be 
locked "out" wnile snots are being connectede 


Persons handling or working near explosives should not be permitted 
to have open lights or smoking materials in their possessione An instance 
is known in which a quantity of explosives at the bottom of a well-drilled 
hole was set off by a cigarette. Tae holes were about 6 inches in diameter 
and 60 feet in devth and 300 to 400 nounds of explosives usuaily were fired 
in each hole, At the time of the ignition avout 100 pounds of high explo- 
sives had been placed in a hole when the whistle sounded announcing the 
lunch period. ‘The men doing the work sat down nearby to eat; after finish— 
ing, one of the men smoked part of e cigarette, then tnrew it away. The 
‘lighted cigarette fell unnoticed into the open hole containing the explo~ 
sives, and a snort time later the detonation occurred, the shot removing 
several hundred tons of rock from the quarry facee Fortunately, no one 
was injured; no one was in the ouarry at that point at the time and tne 
men doing the blasting ran a few seconds before the detonation when they 
Observed smoke coming from the holee 


Other precautions that should be followed in connection with primary 
blasting are: Wet holes shovwld be pumped ary before they are charged un- 
less special care is used in selecting a tzpe of explosive designed for 
wet work; if the holes are sprung, time should be allowed for cooling be= 
fore the main explosive charge is inserted; and explcsives should be handled 
and blasting done with the fewest possible number of men exposed to the 
hazarde The last suggestion applies to secondary blasting also. 


Although much smaller quantities of explosives are used in secondary 
blasting, the hazards are considerebtly greater, as this work is done 
oftener and usually while other workmen are in the immediate vicinitye A 
recent survey of two dozen or more quarries in the Central Western States 
indicated that rore careless practices are followed in secondary blasting 
than in primary blasting. From 2 or 3 *o as many as 300 shots were fired 
at one time with fuse and cap. In only one instance were shots firec elec- 
trically. Obviously, firing a great number of shots at one time increases 
the hazard of premature blasts and of misfires. Where conditions allow, 
secondary blasting usually is done at lunch or quitting time; however, in 
many instances firing is done as needed during the woriing shift. Primers 
usually are made up at or near the magazine or at some otner noint remote 
from the face, and as many as several dozen at a time are carried to the 
point where they are to be used. Until charging of the holes is begun, the 
primers, sometimes with other explosives, are placed on the quarry floor 
Or on the broken rock, 


These practices are conducive to accicents and should be stopped. 
Primers should be made up at the time the explosives are placed in the 
holese The blasting caps should be carried in an insulated bag er box, 
and the caps or primers never should be placed on the ground or on the 
rock piles Only a limited number of shots snould be fired at one time, 
the number depending on existing conéitions such as the length of fuse and 
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the number of experienced men available for lighting. A good tyre of 
igniter (several are now available) should be selected for lighting the 
fuse, and the fuse used shovld be long enougn to give the men ample time 
to reach a safe nlace before the detonations occur. deavily constructed 
shelters or buildings should be provided in the quarry waere tne blasters 
May seek refuge until shots are detonated. 


"Adobe" or med cap blasting is inefficient and hazardouse In all in- 
stances where feasible in secondary blnsting holes should be drilled deep 
enough in the rock to accommodate the explosive charge and allow for enough 
stemming to confine the charze proverly. 


For the protection of workmen, visitors, and others danger signs with. 
a code of blasting signals should be posted conspicuously at all entrances, 
and all employees snoulé be familiar with the code in use. Additional pro- 
tection shovld be given the public where higaways or railroads are near 
the quarry property. Flagmen should be stationed on nearby hignways and 
traffic stopped until ail shots heve been fired. One instance is reported 
in which a rock fron e secondary blast went through the top of an auto~ 
mobile parxed on a higiway more than a thousand feet from the point where 
tae shot was firec. Workmen should be prevented from returning too soon 
to the quarry after shots are fired, especially after primary blastinge 
In several instances men have been overcome by fumes from explosives in 
open—cut mininge 


Extreme care snould de exercised in disposing of misfired shots. The 
unexploded charge should never be removed from tne hclee In disposing of 
these, another hole should be drilled and fired and the unexploded charge 
then recovered from the broken rock. ‘Two accidents occurred at one quarry 
from misfires in secondary blastinge In one instance the driller was | 
attempting to start a new hole when the drill bit slipped unnoticed into 
the previously drilled hole, detonatinz the misfired charge; in the other, 
the second hole was drilled at an angle with the first with the obvious 
purpose of detonating the misfired exolosive with the second charge. The 
second hole progressed until the drill steel struck tne explosive, setting 
it. off and killing the driller instently. His helver, a negro, was s0 
frightened that ne ran until he fell dead. 


Falls ot Persons 


Accidents due to falls of persons include falls from buildings, plat 
forms, scaffolds, and ladders and triyning cver objects on the ground or 
floore 


The constant use of safety telts end ropes will go far toward pre- 
venting falls from structures above tne ground. Such equipment should be 
tested thoroughly before use, wnether daily or intermittent. One quarry 
visited had had three fatalities in a period of years from falls of per-~ 
sons from elevated structures; in one instance a man fell to the ground 
from a platform 15 feet high while assisting with the removal of a defective 
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boiler tube: in another, while repairing a dock at a river, loading terninal, 
a workman fell into the river from a platform 30 feet nigh and was drowned; 
in the third the fall was similar to thet of the other two. In eacn in- 
stance the use of a sofety belt undoubtedly would have prevented tne accl- 
dent. Workmen emloyed at crushers should be required to wear safety belts 
wiile feeding the crusher or wille attempting to dislodge large boulders, 
and in no case snould they be permitted to enter the crusher pit while the 
machinery is in motion. 


Abandoned portions of quarries should be fenced adequately or screened 
to prevent men or enimeals from falling into them accidentally.e Where the 
entrance to the quarry is by ladder or stairway these should be built 
strongly, provided with suiteble railings, and maintained in safe condition 
at all timese Similar precautions should be taken in connecticn with 
stairways and ladders in the mill or plante 


Keeping the quarry floor free of refuse and debris will also assist 
in preventing accidents from falls of persorse Haterials and supplies 
should be piled neatly and safely to reduce the stumbling hazarde 


Where quarries are operated on other than day shift the best possible 
system of electric flood lighting shculd be installed, and the workmen 
should wear portable electric can lanps. 


Machinery 


Machinery may be classed as a major cause of accidents, as from 
1931 to 1935 (see tables 1 and 2) 10 percent of tne fatal and 7 percent 
of the nonfatal injuries were cve to this cause. Trese accidents re- 
sulted from inadequate guarding of gears, pulleys, belts, shafts, and 
cables, and during repair, greasing, or oiling of movirg evuipmente 


If feasible, all moving machinery with which men may come in contact 
should be guerded. No one shovld be permitted or required to repair, ad- 
just, grease, or oil machinery while it is in motion. Men whe work with 
or pass by moving machinery should be required to weer tight~fitting 
Clothinge 


Proper and regular inspection of macninery and equipment will prevent 
many failures and thus prevent many accidents. Cables on shovels and well- 
drill rigs should be lubricated pronerly and kent in good repaire RBoilers 
and compressors should be provided with suitable safety valves set to blow 
off at a safe pressure, and the valves shovld be tested at regular inter— 
valse 


All machinery snould be insvected rezularly by competent persons and 
written reports on its condition made and kent on file. Defects revealed 
by such inspections should be remedied as cuickly as possiblee If this 
suggestion is followed rigidly many injuries to rersons and failures of 
equipment will be prevented. 
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Feulage 


Haulage also is a major cause of fatal and nonfatal accidents at 
quarriese There are many and varied tynes of haulage, each presenting 
its own peculiar hazardse 


Rock may be loaded into mine cars or automobile trucks by hand or 
by steam, electric, or gasoline-pnowered shovels. It may be loaded into 
trucks or into mine cars that are rusnred by hand, or it may be hauled by 
animals or locomotives to the crusher or to the bottom of an incline and 
hoisted in cars by rope to the crusher or plant; or it may te loaded into 
cars or trucks, crushed in the auarry, and delivered to the plant by belt, 
flight, or bucket conveyorse 


- Where the material is loaded into automobile trucks the haulage prob- 
len, so far as safety is concerned,is simplified. Few workmen are subjected 
to the haulage hazard, yet fatal and other accidents occur. An instance 
is on record in wnicn a workman got on a truck to ride from the quarry to 
the plant. As the truck reached a point on the surface near the crusher 
the victim junmed from it while it was in moticn; and in some manner, 
never fully determined, he slipped and fell, the rear wheels of the truck 
passing over his body and causing instant death. A similar accident is 
known in which a man's leg was crushed so badly that i+ had to be ampu- 
tated. Where this type of havlage is employed men should be prohivited 
from getting on or off trucks while they are in motion. Safe procedure 
also requires that mer be prohibited from walking on roads on which the 
trucks operate. 


Where slopes or inclines are used there is always danger that run- 
away cars or trips will come back into the quarry. Safety switches or 
Other devices should be installed to derail runaway trips on all inclined 
planes, and a clear path for a quick getaway to safety shovld be maintained 
so that the hooker-on (man who hooks the rope to tie cars) can seek refuge 
if the runaway crosses the derail device. Ropes used on incline planes 
should be large enough for the work, with a large factor of safety, and 
should be fastened securely to the clevis or chain by which they are con- 
nected to the cars. Tuey should be examined daily for defects and should 
be discarded when inspection indicates that they probably are unsafe. 


Haulage tracks should be installed and ballasted pronverly, and all 
switches should be equipped with throws. Owing to the undulating quarry 
floor the tracks quite often are elevated and blocked with large rocks or 
refuse, wood, or other materials and are not filled in. Inasmuch as | 
haulage employees, repairmen, and sometimes others must walk these tracks, 
they should be filled in properly, at least to the ties. 


Cars used at quarries usually are of the side—dump typee Occasion— 
ally they are overloaded and often unevenly loaded, especially in mechan— 
ically operated quarries where, owing to the haste or indifference of the 
shovel operator, large boulders are sometimes placed at precarious angles 
on top of the cars, causing them to tip or dump while in transit. When it 
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is necessary for men to ride from the face to the crusher or incline they 
should do so on or in the locomotives, never on the cars. While being 
loaded, cars sometimes ore dumved inadverte.tly by the shovel dipper or 
large boulders; therefore, haulage crews, ground men, and others should 
not remain near the cers during this cycle of txe operation. Cars moved 
by hand should be pushed rather than pulled; when they ere not connected 
to a locomotive they snould be blocked securely while being loaded. Where 
hoists are used they shovld te situated so that the operator has a clear 
view of the trips at all times. 


Adequate clearance should be provided between the railroad cars and 
mill or plant supports. Where the cars are controlled by hand to and from 
the loadin= point the car-droppers should wear sazety Deltse 


Electricity 


Electricity is a minimum cause of accidents et quarries; however, 
wnen an accident is ceused by electricity it usually is seriouse Hlectrical 
accidents con be vrevented by following a few simple rules. 


All conductors should be carried on insulators swmported on poles or 
in conduit or special armored cables. tationary transformers shculd be 
placed on poles high above the ground or at least properly fenced when at 
or near the ground level. The frames of all stationary electrical apparatus 
should be grounded efficiently; this precaution should be taken with ar= 
mored cables alsoe High-tension cadles, preferably all power-carrying lines, 
should be handled with lineman's gloves or an insulated stick with a suit- 
able hook at one end. Ulosed switcnes should be y;rovided in all lines and 
provision made for locking them open when it is necessary to work on or 
make repairs to the lines. 


Where locomotives are operated from a trolls; wire tne tracks should 
be bonded and cross-bonded efficiently and the trolley wires held taut by 
proper supports at least & feet above the sround. ‘The trolley system 
should be protectec by switches placed in cre lines at intervals to pro~ 
vide several points at which the »ower can te cut off in emergencies. 
"Third~rail™ systems occasionally are employed at quarries, and where these 
prevail precautions should be taken to keep persons from coming in ccntact 
with the third rail; moreover, explosives and all shot-firing wires and 
lines used in electrical blasting should be kept away from the car trackse 


Suitable warning and caution signs should be posted conspicuously at 
or near all stationary electrical equivment and lines; in addition, in~ 
structions on the resuscitation of persons suffering from electric shock 
should be posted at strategic points, and all persons working in connec- 
tion witn electrical equipment should be familiar with end know how to 
follow these instructions. 
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Handling Materials 


Handling materials enters into virtually every phase of tre operation | 
at quarries, anc, although responsible for only 2 percent of the fatalities, 
it is the most frequent cause of lost-time nonfatal injuries, accounting 
for 30 percent of all such accidents. 


this type of accident can be reduced through education and training 
of employees in the proper method of lifting and carryinge The uce of 
safety clothing, including hard=toe shoes, hard hats, gloves, and tight 
fitting clothing, will assist greatly in recucing accidents from this causeée 


Flying Objects 


Injuries from flzvins objects result largely from blasting, crushing 
by ioading machines or crushers, breaking rock by hand, collaring holes, 
rock falling from cars or platform, and others. Flying objects are re- 
sponsible for only 2 percent of the fatalities, but, like the hazard from 
handling materials, this cause is responsible for a great aunver cf nom 
fatal injuries. 


Preventive measures, as tney pertain to blasting, have been discussed 
in this paper under the heading Drilling and Blasting. Ground men and 
others should be instructed to remain at a safe distance while loading 
machines are operating. Heavy screens or other equally safe protection . 
should be provided at roller~type crushers, which usually operate at high 
speed and sometimes throw smali particles of rock from the pit at tremen~ 
dous velocity. Caution signs should be posted calling attention to the 
danger of flving rock. 


Much hand-breaking cf rock is done in quarries at lime plants, where 
the limestone mist be within certain size limits for use in vertical kilns, 
and also at quarries where riprep is produced. This cperation has caused 
many serious eye injuries. These accidents can be reduced easily and 
possibly eliminated by the commulscry use of prover gogslese Foremen 
Shovld te required to see that all workmen take this precaution while 
breaking rocks. Workmen who fail or refuse to take this precaution should 
be penalized. At one quarry visited, about two iozen men were observed 
breaking rivrape <All of them were provided with gogcles, but only about 
half were wearing them. Among those not wearing gogzles was an employee 
who had lost an eye previousiy while breaking rock. When the foreman 
approached the place where these men were working several put their goggles 
On, but the man with only one eye, with several others, continued to work 
without theirs. Obviously, little effort had been made to inform these 
workmen regarding the hazards incident to their oe and to enforce 
the discipline necessary to reduce accidents. 


‘Corrective goggle lenscs should be provided for employees wno need 


thems This is being done by some quarrying companies. 
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No subject before the public today is more interesting to taose en~ 
gaged in promoting health and safety than the dust hazard. Industry in 
general has just begum to devote the attention to this subject that its 
importance warrantse The querrying industry as a wnole apparently fails 
to recognize its imsortance, as indicated br the absence of precautions to 
prevent wor:men from breathing large quantities of fine dust. In fact, 
personal contact with many operating officials revealed their belief that 
the dust at limestone quarries corstitutes no hazard, and some have even 
argued that the dust has a beneficial effect on man. In the lignt of 
present knowledge of the disastrous and lasting effects of dust on human 
beings nothing could be farther from the truth. Experts who nave devoted 
years to the siviy of dust diseases are preponderantly of the oninion that 
any and all dusts taken into tie human system are harmfule 


Workmen in rock quarries and plants are subjected daily to breathing 
large quantities of fine dust, esvecielly in mills where cement, lime, or 
rock wool are manufactured and where sancstone is ground fine for glass 
Making or other purposes. Prozressive operators will not delay in pro— 
viding protection against dust diseases until compensation costs make such 
action imperative, but will take immediate steps to combat the hazard. 


Dust is best controlled at its source. There are three general 
methods of protection against breathing dusts: (1) Dust-collecting equip- 
ment, (2) use of water, and (3) use of respirators. One, a combination 
of two, or the three general methods will go far toward reducing the 
hazard. The first method is applicable to and should be used in all 
closed buildings in wnich much fine dust is produced in crushing, screen— 
ing, and conveying the broken rock. The second applies principally to the 
use Of water during drilling, especially when collaring and when blowing 
out tne hcles. Suitable respirators should be worn by men at any occupa- 
tion where dust exists in the atmosphere in noticeable quantities. Men 
should not be permitted to return to the quarry after blasting until the 
dust has settled; where the cust is very fine and tne clouds are heavy the 
broken rock should be sprayed before the men are permitted to resume work. 


Miscellaneous 


Causes not listed previously are responsible for 7 percent of the 
fatal and 15 percent of the lost-time injuries. Some of these are 
stepping on nails, boiler and air-~lock explosions, hand tools, and burns. 


Accidents due to stepping on nails can be prevented by good house— 
keeping methods, including the education and training of employees. 
Workmen should be taught to remove or bend over all nails protruding from 
equipment or refuse. This tyne of accident results from downright care— 
lessness and can be eliminated casily by stressing the hazard and in- 
sisting that the cause be removede 
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Explosions have been discussed under the heading Machinery. 


Foremen should be required to see that all hand tools are kept in 
safe condition at all times, and that any found to be defective should be 
repaired before they are used agains Daily inspection of tools will re~ 
veal to the foreman when any are unsafe for useée 


Good housekeering metnods and special instruction of all employees 
also will go far toward preventing injuries from burns. Open lights and 
fires shovld be kept under proper control and employees instructed re~- 
garding the hazards incident to their use. Steam lines, boilers, and ~ 
Other heated objects should be guarded properly or protected against con 
tact by persons, and all electrical equipment likely to cause burns should 
be insulated. 


SUPERVISION AnD DISCIPLINE 


Adequate supervision and maintenance of rigic discipline are of 
greatest importance in the economic as well as the safe oneration of any 
quarry. When permitted to follow their own inclinations, employees will 
take chances and follow unsafe practices in their work. Many of these 
preculiarities can be corrected py prover education and training of all 
employees; those who are incapable of responding to such training should 
be placed in less hazardous occupations, and those whko refuse to benefit 
thereby should be penalized. Ali officials should be held strictly re— 
sponsible for the safe and efficient operation of their respective depart— 
mentsSe 


ORGANIZATION 


Supervision and discipline can be maintained only through proper 
organization. Efficient and safe conduct of all phases of the work is 
assured by following a well—planned schedule indicating the manner in which 
each operation is to be performed. Employees should be made to feel they 
are part of the program, and all hazards incident to their jobs shovld be 
pointed out. The management should insist that all work be done in a safe 
manner, and where necessary the plan should be changed to achieve this. 
Written rules and regulations shovld be provided and all employees made 
familiar with the requirements, 


In addition to the training given while at work, all employees should 
receive additional instruction through the medium of regular safety meet~ 
ingse Where these meetings are held on commany time, as is now being done 
at many quarries, the attendance of the employees can be made compulsory; 
Otherwise, the programs can be made so interesting that the workmen will 
attend of their own volition. Many quarries that now enjoy enviable safety 
records hold regular weekly or monthly meetings that are attended by at 
least a committee of workmen from each department. The men are encouraged 
to look for and report hazards observed in connection with their work, and 
the management usually makes every effort to remove these hazards as soon 
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as practicable after they are revorted, I: this manner the employees are 


made aware of the sincerity of the managemert in its desire to operate 
without accidents. 


The organized progrem for safety at all quarries snould include pro- 
visions for training in first aid to the injured. Preferably, all en— 
ployees as well as officials snowlc. be trained properly, and all persons 
should be retrained at approximately yearly intervals. First~eid materials 
and supplies should be kept on hand ready for use in emergencies. Many 
lives have been saved and serious aftereffects avoided by prompt and 
efficient treatment of nonfatal injuries at the time of the accident. First 
aid training, especially 100-percent training with all versons at a quarry 


taking the work, is an excellent foundation upon which to build an accident 
prevention program, 


SUGGESTIONS FCR QUARRY SAFETY 
Falls and Slides of Material 
Overburden 


le The overburden Snowe be cleaned thoroughly at least 10 feet 


back from the face and then sloped to its angle of repose over its entire 
thicknesse 


ee If the quarry is in a steep mountainside baffle boards or screens 
should be erected around the top edge of the wall or facee 


Wall or Face 


3e Where material and preparation equipment permit the walls should 
be vertical, 


Uso If the bench metnod is used bencres snould be at least 10 feet 
wide, kept free of loose material, and evuivped with a toe board and hand 


railing of cable or rone on the open side. 


5e Walls and benches should be inspected and scaled if necessary 


after each wall or bench shot, after eacn rain, thaw, or freeze, and at 
least once every 30 days. 


6. Safety ropes and belts should be used by all men who scale walls 
and benches. 


fe Safety ropes and belts should be tested before each wearing. 


8. Men who scale quarry walls or benches or work near the walls or 
around shovels should wear protective hats or capse 
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Explosives and Blasting 


9e Explosives magazines sho-ld be of masonry and constructed so that 
they will disintegrate completely in case of accidental explosion. ‘The 
locsting of magazines should conform to the American Table of Distances 


10, Detonators ard explosives shouid be stored in separate magazines. 


lle Open lights or electric lights o* any kind, except permissible 
portable tyne, should not be permitted in or near magazinese 


12. Explosives should be transvorted between the magazines and the 
quarry, preferably by rubber~tired vehicles; if carried by persons, deto— 
nators and explosives snovld never be taken at the same times 


13- Where there is serious Ganzer of men falling off large boulders 
or of the boulders rolling woon them, safety belts should be used when 
practicable; where this is not feasivle platforms should be erected from 
wnicn the drilling and blasting carn be done. 


14. When necessary to drill and blast the "toe" before deep holes 
are begun in vertical-wall blasting the drillers should be protected by 
en overhead platform, or long steel should be used to enavdle them to do 
this work at a safe distance from the face. 


15¢ Explosives shovld not be distributed in large quantities before 
loadings the best practice is to deliver only enough for one hole ata 
timee | 


16.6 Explosives should not be handled for any purpose during an elec~ 
trical storm. 


l7e Wnere quarries are situated near Gwellings cr towns preferably 
only one tole should be fired at a time in primary blestinze 


18, Wood tools should te used in orening e:mlosives caseSe 


19e Heavy sticks of explosives should be lowered, never drorped, into 
deep holes, 


C0. Detonator leg wires and connecting wires should be short-cir- 
cuited until it is necessary to make conrections to the source of power. 


ele Shot~-firing circuits should be pro 
more switches, and tne master ewitch snould 
USCe 


otected, preferably by two or 
be locked "out" while not in 


eee Men handling explosives or working nearby snould be prohibited 
from having smoker's articles in their possession. 
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2%- Wet holes should be pumped dry before they are charged unless 
exnlosives especially designed for wet work are used, 


24, Where holes are sprung enough time should be allowed for cooling 
before: they are cnergede 


25e Bxplosives should be nandled and blasting done witn the fewest 
possible nunter of men exposed to the hazarde 


26, Detonators showld be carried in insulated bags or boxese 


PTs Primers snovld be mace up at the time they are charged into the 
holeSse ‘ 


e& Tue number of secondary shots fired et one time should be linited 
unless the shots are isnited electrically. 


29g A positive type of igniter should be used for lishkting fuse. 


30. Heavily fortified structures should be provided in the quarry, 
in which the shot firers may seek refuge while blastinge 


31. Adobe or mud-cap blasting should be reduced to a minimum; holes 
should be drilled deep enough to accommodate the explosive and allow for 
enough stemming to confine the charge properlye 


32e Danger signs with a code of blasting signals should be posted 
conspicuously at all entrances to tne quarry and all workmen made familiar 
with the signals in uses 


33¢ Additional protection should be given to the public during blast- 
ing by the use of flagmen on highways, ard snots should not be fired while 
trains are passing quarriese 


3u, Men should be vrohibited from returning to the quarry too soon 
after blasting. 


356 xtreme care should be exercised in disposing of misfired shots; 
a new hole should be drilled and fired and the unexploded charge recovered 
before further work is done, In no case should the misfired charge be re- 
moved from the hole. 
Falls of Persons 


36. Safety belts and ropes should be used by men working on struc~ 
tures high above the grounds 


37e This equipment should be used also by men feeding the crushers, 
and no one should be permitted to enter the crusher pit wnile the machinery 
is in motione 
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386 “All quarries should ve fenced so that men or animals cannot fall 
into theme 


39. Walkways should be kept free of loose materials and all ladders 
and stairways provided with proper railinge 


WO, The quarry floor showld be kept free of refuse and debris. 


Wie Materials and supplies skould be piled neatly and safely in the 
quarrye. 


42, Where work is done at night a good system of flood-lighting 
should be used and workmen should be provided with portable electric lampse 


Machinery 


U3, All moving machinery with which men may come in contact should 
be guarded adequately. 


yu, No one should be permitted or required to repair, adjust, or 
lubricate macninery in motione 


45, Boilers and air compressors should be equipred with proper—type 
safety valves set to blow off at safe pressures, and tne valves should be 
tested at regular intervals. 


U6, All machinery should be inspected recularly, and written reports 
should be made and kept on file indicating the condition of the equipment 
at all timese 


Eanlaze 


Ne Men should be prohidited from getting on or off moving automobile 
truckse . 


ug, A safety switch or equally effective derail device should be 
installed on all incline planes and slopes, and an unobstructed path should 
be maintained for retreat to safety by the "hooker-on" in case of runaway 
tripse : 


49, Ropes used on slopes anc planes should be of adequate size, with 
a large factor cf safety, and shovld be fastened securely to the cievis or 
chain by which they are attached to the carse 


50. Tracks should be laid and ballasted properly and all switches 
should be equipped with throws. 


5le Unauthorized persons should not be permitted to ride on the cars. 
hee Haulage employees and ground crews should be instructed to exer~ 


cise precaution to prevent accidents to themselves from dumping of cars by 
the shovel while loading or while in transit. 
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53e Men should be required tc remain et «= safe distance from the 
snovel bucket and cars while sney are beins loaded. 


54, ‘When moved by hanc, cars should be pushed, not pulled. 


De Cars not coupled tc lcsomotives should be blocxed securely wnile 
being loaded, 


56. Hoists should be sitvated so that the operator hes a full view 
of the trips at all times. 


bie Clearance should be adequate between railroad cars and the mill 
or plant building supports. 


58- Car-droppers should wear safety deltse 
Electricity 


59- Trans sformers should be placed on poles high above the ground 
or fenced securely. 


60. Frames of stationary electrical apparatus should be grounded 
effectively. 


61. Power cables should be handled with linemen's gloves or with ean 
insulated stick, 


626 Closed—type switches should be inserted in all power lines ex-= 
cept trolley circuits. 


63. Power switches shoulé be locked “out when repairs are being 
made to the lines or other eaquipmente 


64, Power switches should be operated from en insulated platform. 


656 Where trolley locomotives are usea the car tracks should be 
bonded and cross-bonded efficiently. 


66. Trolley wires should be kept taut at all times and maintained 
at least & feet above the rails. 


67-6 “Trolley circuits should be protected with switches at regular 
intervals, 


68. When "third—-rail" trolley systems are used, precautions should 
be taken to keep persons from contacting tne live rail, and explosives 
and shot-firing wires should be kept away from the car trackse 


696 Suitable warning signs should be posted at all stationary elec~ 
trical apparatus and lines. 
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7O- Instructions for resuscitation of persors suffering from elec- 
tric shock also should be postede 


71. All persons working in connection with electrical equipment 
should be familiar with and know how to carry out tnese instructions. 


Handling Materials 


{ec “The proper equipment should te proviced for safe handling of 
materialse 


73e Men should be trained in the proper method of lifting and 
carrying heavy objects. 


74e Men showld not be required or permitted to lift or carry objects 
obviously too heavy for theme 


75¢ All workmen should be required to wear safety snoes and hard 
hats, and for some work they should wear gloves. 


Flying Objects 


76- Heavy screens or other safe protection should be provided at 
roller—type crushers. Caution signs should be posted warning against the 
danger of flying rock. 


{f» Shovel operators should be protected by shatterproof glass or 
wire screen placed in their line of vision. 


7S The following men should wear goggles: 


(a) Shovel ground men and crusher men. 

(b) Workmen who break or chip rock by hand and all others 
working nearby while hammers are being usede 

(c) Truck drivers and locomotive crews, while moving, 
loading, or unloading. 


“15. Corrective gosgle lenses should be given to all workmen who need 
theme 


GO. Dust-collecting systems should be installed in all closed 
buildings where rock is crushed, conveyed, and screened.s 


Sle In drilling with air hamners, water or dust-collecting systems 
should be used. 


S2e Workmen should be required to wear respirators wherever dust 
exists in the atmosphere in noticeadle quantities. 
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Miscellaneous 


8% Employees should be instructed to recove all nails and sharp 
objects protruding from equipment or refusee 


$4. Foremen should be required to insnect all hend tools daily and 
prohibif the use of any found to be unsafe. 


Se Open lights, fires, steam lines, boilers, and other heated ob— 
jects should be protected against contact by persons; electrical equipmert 
likely to cause burns should be insulated properlye 


Supervision and Discipline 


86. Adequate supervision and rigid discipline should be instituted 
and maintained, 


Sfe Supervising officials should be neld strictly acccuntable for 
accidents to employees under their charge. 


Organization 


&8e Safety and economy can be realized only through well-planned 
organizations 


B90 Rules and regulations covering each operation should be promul- 
gatede : 


90.6 All employees should be trained tnorovgnily in their respective 
occupationse 


Sle ‘Regular safety meetings should be held and attended by all 
employeese 


92. All employees should be trained in methods of first~aid—to—the— 
injur ede 


936 First-aid materials and supplies should be kept on hand for 
emergency use 


94, All accidents should be investigated, suitable records kept, 
and the statistics used as a basis for comparisone Without such records 
no yardstick is available for measuring advance or decline, and stimulus 
to increased efforts is absente 
CONCLUSION 
Though many different types of materials are extracted in quarry oper- 


ations, the procedure does not vary over the entire industry so widely as 
to preclude a definite method where safety as well-as efficiency is affected. 
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Companies that are following organized procedure covering both accident— 
prevention and production have realized a steaaily downward trend in acci~ 
dents with consequent enviable safety records, whicn, in turn, reflect 
directly upon economy of operation, Many quarries are now cperating for 
long vericds without lost—-time accidents; it is believed that the records 
of all plants where accidents occur regularly can be improved considerablye 
It is recommended that operators of all quarries give serious considera~ 
tion to the foregoing suggestions for safe operation and adopt those that 
apply to their particuiar conditions. 
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AMERICAN TABLE OF DISTANCES 
1919 REVISION 


Blasting and Electric 
blasting caps 


Number Nember not. 


over over= 

1,000 5,000 — ~-~ 5 
5,000 10,000 wisi ae 10 
19,000 20 ,000 —e sna 12 
20,000 25,000 a 50 23 
25,000 50,000 50 | 100 35 
50,000 100,000 109 200 55 
100 ,000 150,000 200 200 {> 
150,000 200,000 300 Here) 95 
200,000 250,000 ho 500 110 
250 ,000 700 ,00C 500 | 600 120 
300,000 pee 600 | 700 130 

50,000 9,000 700 g00 1 
0,000 450,000 800 SOO 150 
4.59 ,000 500,000 ley) 1,000 155 
500,000 750,000 1,600 | 1,500 160 
750,000] 1,000,000 15509 | 2,000 180 
1,000,000} 1,509,00C| 2,000 ,000 195 
1,500,000} 2,000,000 ,0C0 4,000 210 
2,000,000| 2,500,000 7000 | 5,000 225 
2,500,000] 3,000,000} 5,C09 6,000 235 
3,009,000} 3,509,000} 6,009 7,000 els 
,500,000] 4,000,000] 7,000! 3,000 250 
,000,000] 4,500,000} 8,000! 9,000 255 
4,500,000} 5,000,000] 9,000; 10,000 260 
5,000,006] 7,500,000] 10,000} 15,000 265 
7,500,000 | 10,000,000 seal 29,000 290 
10,000,000 | 12,500,000} 20,000 25,000 315 
12,500,000 | 15,000,000 25000 | 30,000 340 
15,000,000} 17,500,900} 30,000 35,000 360 
17,500,000 | 20,000,000 35,000 5000 380 


4Barricaded, as here used, signifies that the building containing ex- — 
plosives is screened from other buildings, railways, or from highways by 
either natural or artificial barriers. Where such barriers do not exist, 
distances snould be doundled, 
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Blasting and Electric! 
blasting caps 


Number | Number not 
over- over~ 


AMERICAN TAPLE OF DISTANCES 


1919 REVISION 


Other explosives 


Pounds Pounds not 
oyer= over=- 
LO 5000 45,000 
45,000 50 ,000 
50,000 55,000 
55,000 60 ,000 
60,000 65,000 
65,000 79,000 
70,000 75-090 
75,000 80,000 
BO ,000 $5,000 
85,000 90 ,000 
90 ,000 95,000 
95,000 100,000 
160,000 125,000 
125,000 150,000 
150,000 | 175,000 
175,000 200 ,000 
200 5200 225,000 
225,000 250,000 
250,000 275,000 
275,000 | 300,000 
300 ,OCO 325,000 
325,000 350,000 
350 ,000 775,000 
75,000 | Loo ,000 

0,000 4:25 ,000 
O5 5000 450,090 
450 ,000 u75,000 

500 ,000 


475,000 


Inhabited} Public 
buildings| railway 


barri- 
cade 
( feet) 


1 mr 


Public 
highway 
barri- 
cade 
(feet) 


Waorricaded, as here used, signifies that the building containing explo- 
sives is screened from other buildings, railways, or from niguways by | 
either natural or artificial barriers. Where such barriers do Mot exist, 
the distarces should te coubled. 
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